We have developed a flexible, interdigitated supercapacitor with high energy storage capacity for emerging wearable/flexible electronic applications. Locally obtained, low cost biomass (banana peel) was impregnated with KOH at high temperature under inert atmosphere to synthesize activated carbon with significant Brunauer-Emmett-Teller surface area of 62.03m²/g. The supercapacitor was fabricated by screen printing interdigitated current collector of conducting silver ink on a thin flexible PET substrate and subsequent deposition of activated carbon and drop casting of gel electrolyte. Fabricated supercapacitor exhibits high capacitance of 33.18 mF/cm 2 at 1mV/s scan rate and 20.12 mF/cm 2 at discharge current of 1mA and high energy density of 5.87µWh/cm 2 . The developed flexible supercapacitor retains its energy storing capacity (~90%) over several cycles of mechanical bending and repetitive electronic cycling tests (~5000 cycles). Locally available biomass based activated carbon and low cost screen printing technique can be used for large scale fabrication of supercapacitor. The flexible supercapacitor demonstrates high energy storing capacity and mechanical durability through multiple bending and charging and discharging through LED.
Introduction
Energy storage is equally important as energy generation as generating energy at all times is neither possible nor is economically feasible. Modern day electronic devices are predominantly powered by lithium based batteries which have limitations in terms of wearability. With the rise in demand for wearable electronic devices, need for flexible/wearable energy storing device has arisen. Supercapacitor has high energy storing capacity, long life, rapid charge/discharge ability, safe from explosions and leakage and also environment friendly. [1, 2] Supercapacitor can be designed to be flexible for wearable applications eliminating the necessity of carrying bulky devices. Flexible supercapacitor can also be utilized along with batteries as hybrid system for powering sensors in various areas of biomedical, environmental monitoring applications etc. [3, 4, 5] We have fabricated a thin flexible interdigitated supercapacitor using simple techniques which can be easily reproduced in any part of the world without the requirement of sophisticated equipment or techniques.
Also, the materials used are easily available and are considerably inexpensive. [3, 6, 7, 9] 
Experimental

Synthesis of activated carbon
Banana peel (musa acuminata) was collected from local sources. The peel was then thoroughly washed with distilled water and dried overnight in vacuum oven at 80°C. Cyclic voltammetry (CV) and galvanostatic charge-discharge (CD) tests were carried out to study the electrochemical performance of the fabricated supercapacitor using Metrohm Autolab electrochemical workstation. The flexible interdigitated supercapacitor was subjected to cyclic voltammetry test at different scan rates ranging from 1mV/s to 100 mV/s in a potential window of 0V to 1V ( figure 3(a) ). Areal capacitance ( figure 3(b) ) and specific capacitance ( figure 3(c) ) was calculated at different scan rates using the formulae, Areal
where, A is area of CV curve, a= area of active part of device (12.25 cm 2 ), m is mass of active material (10mg), v is scan rate in mV/s and V is potential window (1V).
[10] The fabricated supercapacitor retained 90% of capacitance when subjected to ~5000 CV cycles at 100mV/s to test its lifecycle ( figure 3(d) ).
The fabricated supercapacitor (SC) was subjected to CV test at 20 mV/s under unbent and bent condition (Figure 4(a),(b) ). The supercapacitor retained about 91% of capacitance during bending condition showing it can be used for flexible applications. Series connected supercapacitor were charged at 5V using DC power supply for 10 minutes and discharged through a LED. The LED glowed for 2 minutes after which the voltage reduced below the threshold value of 2.3V for white LED ( figure 4(c) ). CD tests were performed at 1mA on individual and series connected supercapacitor ( figure 4(d) showed a satisfactory performance retaining ~ 90% of energy storing capacity after bending and multiple electronic cycling tests (~5000 cycles). Despite the good performance, silver ink based current collector gets degraded over time as it reacts with the acid present in the gel electrolyte. So, conductive ink based on carbon material can be used to print electrodes which would tolerate the acid for longer period and will further reduce the cost of the device.
Activated carbon could be used along with conductive carbon material and nanosized transition metal oxides as electrode material to further enhance the performance of the supercapacitor. Hence, the developed thin flexible interdigitated supercapacitor with high energy storing capacity can be a better alternative as a wearable energy source. Also, the fabricated supercapacitor can be utilized for further development of emerging flexible/wearable electronic devices.
